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Foreword 


In  conducting  the  research  described  in  the  report,  the  investigators 
adhered  to  the  “Guide  for  the  Care  and  Use  of  Laboratory  Animals"  of 
the  Institute  of  laboratory  Animal  Resources,  National  Research 
Council. 

(DHEW  Publication  No.  (NIH)  78-23,  Revised  1978). 
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Identification  and  Significance  of  the  Problem 

Massive  dinof lagel late  blocms  in  coastal  waters  are  the  cause  of.  the 
phenomenon  known  as  the  "red  tide"  [1].  These  organisms  produce  an  very  potent 
group  of  tetrahydropurine-based  toxins  involved  in  paralytic  shellfish 
poisoning  (PSP)  ([2],  Figure  1).  The  mode  of  action  of  the  PSP  is  based:  upon 
their  ability  to  act  as  potent  blocking  agents  of  the  voltage-sensitive  sodium 
ion  channels  in  neuromuscular  membranes  [3-5].  They  disrupt  the  ion  passage 
which  prevents  signal  transmission  in  the  neuron;  this  effect  can  cause 
paralysis  and  death.  Therefore,  this  group  of  compounds  can  serve  as  a  source 
of  significant  potential  risk  to  humans  through  accidental  ingestion  of 
shellfish  which  bioaccumulate  the  PSP  (i.e. ,  mussels,  clams)  or  by  the  use  of 
the  PSP  as  chemical  warfare  agents. 

Background 

In  the  past,  a  variety  of  assays  have  been  utilized  for  the  assessment  of 
PSP,  but  none  of  the  tests  are  rapid  enough  for  routine  testing  in:  the 
laboratory  or  field.  Hie  most  widely  utilized  laboratory  tests  have  been 
bioassays  in  animals  with  the  current  test  for  shellfish  tenons  being  based 
upon  a  time- of -death  mouse  assay  [6].  The  advantage  of  the  assay  is  that  it 
indicates  total  toxicity;  but  has  the  following  distinct  disadvantages:  1)  need 
to  maintain  mouse  colony  with  mice  in  the  19-22  gram  weight  range,  2) 
sensitivity  dependent  on  mouse  strain,  3)  possibility  for  underestimating 
marginally  toxic  clams,  4)  subsequent  time  of  death  determination,  5)  laborious 
to  perform,  and  6)  relatively  expensive  [7].  Consequently,  a  variety  of  assay 
methods  have  bean  developed  as  alternatives  to  the  mouse  assay.  These  include 
the  following:  a)  fluoranetric  and  colorimetric  methods  based  upon  hydrogen 
peroxide  oxidation  [8-11]  and  b)  high  performance  liquid  chromatography  methods 
[12-14],  Each  of  these  assays  has  a  serious  disadvantage  which  has  prevented 
it  from  replacing  the  mouse  assay.  Hie  peroxide  oxidation  methods  require 
following  a  strict  protocol  [9]  and  the  neosaxi toxin  sub-group  of  the  PSP  is 
not  efficiently  detected  [  15  ] .  Hie  HPLC  met!  ods  require  extensive  sample 
preparation  and  the  need  for  expensive  equipment  and  trained  personnel. 
Furthermore,  the  HPLC  methods  for  detection  of  the  PSP  toxins  require  the?  use 
of  post-column  derivatization  sinre  cn?y  do  not  give  a  sicyiif  icant  UV/VIS 
absorption  band. 

An  attractive  alternative  to  the  above  methods  is  the  development  of  a  PSP 
assay  based  on  the  selectivity  and  high  affinity  characteristics  of  PSP  binding 
proteins.  Presumably  an  assay  could  be  based  on  the  PSP  binding  proteins  fran 
excitable  nerve  membranes  [16].  Although  the  binding  characteristics  of  these 
proteins  would  probably  be  excellent  (high  Kg  [17],  good  PSP  cross-reactivity 
[based  on  PSP  toxicities ] ) ,  their  isolation  in  sufficient  quantity  for 
application  in  a  routine  assay  would  be  expected  to  be  difficult  [3].  At  least 
one  soluble  binding  protein,  which  would  alleviate  the  isolation  problem,  has 
been  identified  but  the  quantity  available  is  extremely  limited  [18,19]. 

In  contrast  to  the  binding  proteins  which  are  available  only  in  limited 
quantities,  antibodies  can  be  produced  in  a-h  larger  amounts.  Several 
previous  attempts  have  been  made  to  prepare  anti-t-SP  antibodies  [20,21]  .  Koehn 
eti  al.  were  unable  to  prepare  immunogenic  PSP-protein  conjugates  [20]  and  the 
antisera  prepared  by  Johnson  et.  al.,  which  was  raised  in  rabbits  using  a 
labile  PSP-protein  conjugate,  gave  relatively  poor  anti-PSP  antisera  [21].  The 
sensitivity  of  the  Iranagglutination  assay  which  was  based  on  these  antisera  was 
marginal  (ca.  1  nmole/ml  minimum  detection  level)  [22].  Recently,  Chu  and  co- 
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workers  have  obtained  more  impressive  but  still  limited  results  using  Johnson's 
itrmunogen  in  combination  with  a  enzyme  imnunosorbent  assay  format  [23].  Oar 
studies  have  led  to  successful  production  and  characterization  of  an  anti-PSP 
antisera  based  on  a  stable  saxi  toxin  (STX)  derivative-bovine  serum  albumin 
(BSA)  conjugate  [24].  This  antisera  has  been  used  in  the  development  of  an  STX 
radioinmunoassay  [24]  and  has  been  evaluated  for  use  in  anti-STX  therapy  [25]. 

Rationale 

We  have  demonstrated  that  it  is  possible  to  produce  an  anti-STXol  antisera 
which  will  function  in  development  of  therapeutic  and  analytical  protocols  for 
STX  and  closely  related  PSP  [24].  However,  the  demonstration  preparation  has 
significant  drawbacks  in  that  it  is  not  cross-reactive  against  the  NEO  sub¬ 
group  of  the  PSP  and  because  it  is  only  a  veak  competitor  with  the  PSP  binding 
protein  (Figure  1), 

The  goals  of  this  project  are  to  produce  anti-PSP  antibodies  which  will  be 
useful  for  both  the  analysis  of  the  PSP  and  for  prophylaxis/therapy  of  PSP 
poisoning.  Therapeutic  use  of  the  antibody  will  require  high  PSP  affinity  so 
that  the  antibody  can ,  compete  with  the  PSP  binding  protein  for  the  toxin. 
Analytical  use  of  the  antibody  will  require  high  cross-reactivity  so  that  the 
antibody  and  the  assay  will  be  readily  usable  for  the  determination  of  total 
PSP  (Figures  2,3). 

Generally,  these  goals  are  somewhat  exclusive  because  the  ability  to 
recognize  haptens  which  have  significant  structural  variations  requires  that 
the  antibody  be  ''flexible"  enough  in  its  binding  to  allow  access  by  differing 
functional  groups.  It  is  possible  that  a  single  functional  group  (epitope), 
which  is  consistently  retained  throughout  the  PSP  series,  will  have  a  high 
binding  affinity. 

Analysis  of  the  PSP  (Figure  1)  and  the  results  of  the  cross-reactivity 
studies  (Figure  2)  indicated  that  the  most  useful  binding  site  for  an  anti-PSP 
antibody  might  be  based  upon  an  immunogen  which  contains  only  the  five-membered 
N-7,8,9  guanidinium  ring.  In  order  to  provide  a  point  for  covalent  attachment 
to  protein,  the  ring  system  was  further  substituted  with  a  carboxylic  acid. 
Much  of  the  synthetic  work  was  focused  upon  the  synthesis  of  this  guanidinium 
acid  (compound  3,  Figure  4),  referred  to  as  the  C-5  hapten.  Because  of  the 
closely  related  synthetic  chemistry,  the  analogous  six-manbered  ring  (compound 
6,  Figure  5,  C-6  hapten)  was  also  prepared  using  methods  developed  for  the  C-5 
carpound.  These  analogs  would  exhibit  good  cross-reactivity  with  antibody  and 
thus  antibodies  produced  against  the  C-5  and  C-6  gue  nidinium  analogs  would  be 
extranely  useful  in  the  development  of  an  enzyme  jrmunoassay  for  detecting 
total  PSP  content. 

Results 

Chemistry 

C-5  Guanidinium  Arid 


The  C-5  hapten  was  prepared  by  the  scheme  outlined  in  Figure  4.  .  S,S- 
Dimethyi-N-tosyliminodithiocarbonimidate,  1,  was  prepared  by  the  reaction  of  p- 
toluenesulfonamide  with  carbon  disulfide  in  a  concentrated  aqueous  NaCH 
solution  with  a  DMF  co-solvent.  The  resulting  anion  was  then  trapped  by 
alkylation  with  methyl  iodide,  giving  a  77.6%  yield  of  1  after 
recrystailization  from  methanol.  The  melting  point  (106-i07°C)  was  In  ciose 


$ 
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agreement  with  the  literature  value  (109^)  [26]. 

The  tosylate  protected  guanidiniixn  acid,  2,  was  prepared  by  reaction  of  1 
with  catmercially  available  2 , 3-dianinopropiorilc  acid  nonohydrochloride.  The 
diamino  acid  was  first  neutralized  with  two  equivalents  of  aqueous  NaCH  and.  the 
resulting  salt  solution  was  refluxed  with  1  in  an  aqueous  ethanol  solvent  for 
24  hours.  The  resulting  product  was  recrystallized  from  water  yielding  a 
powiery  white  solid  (84%  yield,  m.p.  208-210^C  with  decomposition)  whore 
structure  was  confirmed  by  IR  and  JMR  analysis. 

The  detosylation  of  the  tosylate  protected  guanidinium  acid  2  proved  to  be 
a  very  difficult  step.  The  literature  has  reported  that  such  datoeylations  can 
be  accomplished  using  phenol  in  refluxing  HBr  [27,28].  When  2  was  refluxed  for 
two  hours  with  this  reagent  combination,  thin  layer  chromatography  confirmed 
the  consumption  of  starting  material  and  the  formation  of  the  desired 
guanidinium  product.  Hcwever,  numerous  byproducts  made  purification  of  the 
product  very  difficult.  After  extensive  experimentation,  a  workup  procedure 
was  established  which  consisted  cf  an  initial  removal  of  the  HBr  solvent  under 
reduced  pressure.  The  resulting  oil  was  then  diluted  with  water  and  the 
organic  soluble  impurities  were  removed  by  successive  extractions  with  diethyl 
ether  and  ethyl  acetate.  The  remaining  water  soluble  residue  was  then 
subjected  to  a  cationic  ion-exchange  column  (AS  50W-X4,  Bio-Rad)  for  fined 
purification.  The  column  retained  the  charged  guanidinium  salt,  permitting  the 
removal  of  water  soluble,  uncharged  impurities  as  well  as  the  substitution  of 
chloride  for  bromide  using  elution  with  HC1.  Final  isolation  of  3  gave  an  88% 
yield  with  structure  confirmation  by  IR  and  M©. 

In  order  to  quantitate  the  coupling  efficiency  of  the  C-5  hapten  and  to 
monitor  antibody  response  bo  the  C-5  immunogen,  the  radiolabeled  analog  of  3 
has  been  synthesized  using  the  same  procedure  as  described  above.  The  starting 
2,3-dLaminopropionic  acid-3-14C  was  prepared  for  us  (Moravek  Biochemical,  Inc., 
Brea,  Calif.)  and  was  reacted  with  S,S-dimethyl-N-tx^liminodithiroarbonimidate 
to  form  the  tosylated  guanidinium  acid  2  with  the  14C  label  in  the  ring  system. 
The  formation  of  labeled  2  was  not  a~  clean  reaction  and  required  extensive 
purification  by  preparative  HPLC  (polar  aminocyanophase  column;  Whatman)  to 
remove  numerous  byproducts  resulting  from  minor  impurities  in  the  diamino  acid. 
The  detosylation  of  2  with  HBr  and  phenol,  followed  by  the  workup  as  described 
above  proceeded  quite  wall  to  give  3  as  confirmed  by  NMR  analysis.  Preliminary 
data  showed,  a  specific  activity  of  approximately  20  nCi/mmole. 

C-6  Guanidinium  Acid 

In  addition  to  the  C-5  hapten  molecule,  we  have  also  been  involved  in  the 
synthesis  of  the  corresponding  C-6  guanidinium  acid  (6,  Figure  5).  This 
molecule  could  also  be  used  in  the  preparation  of  a  "useful  immunogen  for 
producing  antisera  which  would  have  a  high  binding  affinity  for  all  of  the 
PSP's.  Since  it  is  apparent  that  alterations  of  various  portions  of  the  PSP 
molecule  can.  have  a  significant  effect  on  potency  (Figure  3),  it  may  be 
beneficial  to  produce  alternative  immunogens  which  would  possess  structural 
features  similar  to  those  observed  in  portion  II  of  the  saxitoxin  molecule 
(Figure  3). 

The  C-6  guanidinium  acid  was  prepared  by  procedures  similar  to  the  C-5 
hapten.  Commercially  available  (S)-(  +  )-2,4-diaminobutyric  acid  dihydrochloride 
was  first  neutralized  with  three  equivalents  of  aqueous  NaCH  and  then  refluxed 
22  hours  with  1  in  an  aqueous  ethanol  solvent.  The  tosylate  protected 
guanidinium  acid~5  was  purified  by  recrystallization  from  water,  giving  an  85% 
yield  of  a  white  powdery  solid,  melting  point  216-220°C  (lit.  202-203°C)  [29]. 
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The  structure  was  confirmed  by  IR  arid  NMR  aneilysis. 

The  detosylation  of  5  was  accomplished  using  the  HBr  and  phenol  reflux 
procedure  outlined  previously  for  the  C-5  hapten.  The  crude  product  was 
purified  as  before  using  the  selective  extraction  of  organic  soluble  inpurities 
with  diethyl  ether  and  ethyl  acetate,  followed  by  ion-exchange  purification  of 
the  water  soluble  product.  A  93%  yield  of  a  pale  yellow  solid  was  achieved, 
which  upon  recrystallization  from  isopropanol-ether  gave  a  54%  yield  of  white 
crystals,  m.p.  209-212°C  (lit.  m.p.  210-211°C)  [29]. 

Guanidinium  Alcohol  Synthesis 

Compounds  3  and  6  rely  upon  the  carboxylic  acid  group  for  coupling  to 
protein  via  stable  amide  linkages,  formed  by  reaction  of  activated  esters  with 
free  amine  groups  on  the  protein.  An  alternative  approach  considered  was  to 
use  die  corresponding  guanidinium  alcohols  obtained  by  reduction  of  the 
carboxylic  acid  group.  The  alcohol  could  be  coupled  using  1,1'- 
carbortyldi imidazole  (CDI)  by  formation  of  stable  carbamate  linkages  with  amine 
groups  on  the  protein.  Our  earlier  success  in  coupling  saxitoxinol  to  BSA 
using  CDI  provided  strong  precedent  for  this  approach  [24]. 

The  carboxylic  acid  group  in  2  is  easily  reduced  by  treatment  with  lithium 
aluminum  hydride  (IAH)  in  TKF  for  one  hour  at  25°C  and  then  30  minutes  at 
reflux.  The  excess  IAH  is  quenched  by  the  addition  of  an  equal  volume  of  ethyl 
acetate,  followed  by  washinq  with  water  and  a  hack  extraction  with  ethyl 
acetate  to  give  the  tosylate  protected  C-5  guanidinium  alcohol  4.  The  yield  of 
a  viscous  yellow  oil  was  89%. 

In  a  similar  fashion,  the  tosylate  protected  C-6  guanidinium  alcohol  7  was 
prepared  by  LAH  reduction  of  5,  providing  an  85%  yield  of  a  white  crystalline 
product,  m.p.  170-17 3°C.  Structural  confirmation  was  provided  by  IR  and  NMR 
analysis. 

Before  coupling  the  alcohol  to  protein,  removal  of  the  tosylate  protecting 
group  to  give  8  was  required.  At  the  time  of  the  termination  of  this  contract, 
only  preliminary  work  had  been  completed  on  the  synthesis  of  8  and  no  work  had 
been  started  on  the  corresponding  deprotected  C-5  guanidinium  alcohol. 
However,  the  information  obtained  on  8  was  very  encouraging.  Reduction  of  6 
with  IAH  in  THF  and  the  deprotection  of  7  with  HBr  and  phenol  led  to  products 
which  were  chromatographically  identical.  The  fact  that  two  completely 
oifferent  routes  led  to  the  same  product  would  appear  to  confirm  the  identity 
of  8.  Termination  of  the  contract  prevented  complete  characterization  of  the 
products. 

Immunogen  Preparation 

In  addition  to  the  preceding  synthesis  wrk,  a  significant  amount  of 
effort  was  directed  toward  producing  suitable  immunogens  by  coupling  the  C-5 
guanidinium  acid  to  protein.  The  approaches  initially  considered  for  immunogen 
preparation  were:  1)  coupling  of  the  N-ethoxycarbonyl-2-ethoxy-l,2- 
dihydroquinoline  (EEDQ)  activated  C-5  ester  directly  to  bovine  serum  albumin 
(BSA);  2)  coupling  of  the  activated  ester  derived  frem  the  N- hydroxysucc inimide 
(NHS)  or  N- hydro xysulfosuccinirnide  (sulfoNHS)  to  the  protein;  3)  preparation  of 
C-5  guanidiniurv-4-aminobutyric  acid  (GABA)  or  3, 3 ' -diaminodipropylamine  (QADPA) 
analogs  and  coupling  of  these  spacer  groups  to  BSA  by  either  of  the  above 
activation  methods;  and  4)  direct  coupling  of  the  C-5  guanidinium  acid  to 
protein  by  the  use  of  l-ethyl-3-(dimethylamir»propyl)-carbodiimide  (EDC). 

All  of  the  above  approaches  vere  explored  with  varying  success  in  terms  of 
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immunogen  preparation.  Die  direct  coupling  of  3  using  EDC  to  give  any 

indication  of  the  desired  iimunogen.  Examination  of  the  reaction  product 
indicated  that  only  intramolecular  croeslinking  of  the  protein  had  been 
produced.  The  preparation  of  C-5  haptens  having  GABA  and  DADPA  spacer  groups 
on  the  carboxylic  acid  group  of  3  proved  very  difficult.  However,  small 
quantities  of  both  conjugates  were  Obtained  and  purified  by  the  use  of  silica 
gel  GF  preparative  plates.  Attempts  were  made  to  couple  the  GABA  analog  to  BSA 
using  the  EEDQ  activated  ester  and  the  sulfoNOS  activated  ester  cr  to  directly 
couple  the  DADPA  analog  to  BSA  using  water  soluble  EDC.  Neither  of  these 
analogs  could  be  coupled  to  BSA  in  sufficient  yield  to  be  useful  as  ionunogens. 

We  also  explored  the  option  of  attaching  a  long  spacer  chain  terminated  in 
a  free  hydroxyl  group  to  the  C-5  guanidinium  acid.  The  free  base  of  the  C-5 
hapten  was  prepared  by  ion-exchange  on  Amberlite  IRA-400  and  it  was  then 
successfully  alkylated  with  11-brono-l-undecanol.  However,  attempts  to  couple 
this  adduct  to  BSA  by  CDI  activation  gave  very  poor  results  with  only  1-2  moles 
of  hapten  per  mole  of  BSA.  The  use  of  3-brano- 1-propanol  as  the  alkylating 
agent  failed  to  give  any  of  the  desired  alkylation  product  and  thus  no 
iimunogen  preparation  could  be  attempted. 

Our  first  apparent  success  in  Immunogen  preparation  came  by  use  of  a 
sulfoNOS  activated  ester  of  the  C-5  guanidinium  acid  in  reaction  with  BSA.  The 
free  base  of  the  C-5  hapten  was  prepared  by  passing  the  HC1  or  HBr  salt  of  the . 
hapten  (in  ethanol)  through  an  Amber lite  IRA-400  (QH-form)  ion-exchange  column. 
The  C-5  carboxyl  free  base  was  converted  to  the  activated  sulfoNOS  ester  by 
reaction  with  sulfoNHS  in  OMF  using  dicryclohexylcartndiimide  (DCC)  as  a 
dehydrating  agent.  After  stirring  six  hours  at  roan  tanperature,  the  reaction 
was  transferred  to  a  4°C  cold  roan  for  another  16  hours.  The  resulting 
dicyclohexy lures  (ECU)  was  removed  by  filtration  of  the  cold  solution  and  the 
sulfoNOS  ester  (in  150  molar  excess)  was  mixed  with  BSA  or  modified  BSA  in  0.2 
M  NaH003,  pH  9.  The  reaction  mixture  was  stirred  at  roan  temperature  for  90 
minutes  and  then  was  transferred  to  a  4°C  cold  room  far  an  additional  16  hours. 
The  resulting  immunogen  was  then  dialyzed  extensively  against  PBS,  concentrated 
by  ultraf iltration  and  used  for  the  imnunization  of  rabbits  (or  stored  at 
-20°C) . 

The  use  of  this  Iimunogen  for  polyclonal  antibody  production  failed  to 
produce  any  antisera  against  the  guanidinium  acid  as  determined  by  use  of  the 
radiolabeled  material.  Oir  preliminary  data  based  on  amine  analysis  of  the 
protein  had  indicated  a  loss  of  amines  corresponding  to  an  incorporation  of  10- 
20  moles  hapten/mole  of  protein.  However,  the  lack  of  iimunological  response 
leads;  us  to  believe  that  no  coupling  of  the  guanidiniun  acid  occurred  and  that 
the  consumption  of  amines  is  attributable  to  acetate  present  in  the  salt  of  the 
guanidinium  product.  Furthermore,  it  would  .‘re  predicted  that  the  incorporation 
of  tlie  guanidine  group  should  not  lead  to  a  loss  of  amines  on  the  protein,  but 
Instead  should  increase  the  available  amine  content. 

Because  of  the  difficulties  encountered  in  achieving  effective  coupling  of 
the  C-5  guanidinium  acid  to  protein,  we  decided  to  pursue  modifications  of  the 
carrier  protein  prior  to  coupling  of  the  hapten  molecule.  Toward  this  goal, 
three  modified  BSA  preparations  were  produced:  1)  direct  coupling  of  DADPA  to 
the  carboxylic  acid  moieties  on  BSA  using  EDC  activation,  thus  increasing  the 
effective  amine  content;  2)  acetic  anhydride  addition  to  BSA  to  acetylate  the 
free  amines  on  BSA,  foJ.iowad  by  DADPA  coupling  to  the  remaining  carboxylic  acid 
groups  using  EDC  activation;  and  3)  addition  of  succinic  anhydride  to  BSA  with 
subsequent  coupling  of  DADPA  to  all  carboxylic  acid  groups  to  give  an  increased 
nunoer  of  amine  sites  available  for  coupling  to  the  activated  ester  of  3. 

The  following  procedures  describe  the  preparation  of  the  above  mentioned 
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modified  proteins.  If  the  protein  (BSA)  is  first  acetylated  or  succinylated, 
the  BSA  (300  mg)  is  dissolved  in  0.2  M  NaHC03  (pH  8. 0-8. 5)  and  the  appropriate 
anhydride  is  added  slcwly  (over  two  hours)  while  keeping  the  pH  betveen  8.0  and 
8.5.  After  addition  of  the  anhydride,  the  pH  is  adjusted  to  8.0  using  1  N  NaCH 
and  the  mixture  is  stirred  30  minutes  at  room  temperature.  The  mixture  is  then 
dialyzed  at  4°C  against  0.1  M  morpholine  ethanesulfonic  acid  (MES),  pH  6.0.  To 
add  DADPA  spacers  to  the  pretreated  or  native  BSA,  1.0  ml  of  DADPA  is  added  to 
2.0  ml  of  water  containing  70  mg  of  MES.  The  pH  is  carefully  adjusted  tc  5.5 
using  12  N  HC1  and  the  BSA  and  DADPA  solutions  are  mixed  together.  The  EDC  (4 
x  200  mg)  is  then  added  at  30  minute  intervals  while  maintaining  the  mixture  at 
roan  temperature.  Following  the  last  addition  of  EDC,  the  solution  is 
transferred  to  a  4°C  cold  roam  and  stirred  16-18  hours.  The  mixture  is  then 
dialyzed  extensively  against  PBS  and  concentrated  by  ultrafiltration  to  a  level 
of  60-70  mg  protein/ml  solution.  Amine  analysis  of  the  products  gave  results 
consistent  with  the  various  treatments  and  this  procedure  will  serve  as  the 
model  system  for  modification  of  other  carrier  proteins  (i.e.,  bovine  gartma 
globulin,  sheep  gamma  globulin) . 

We  were  successful  in  coupling  the  C-5  guanidinium  acid  to  all  three 
modified  carrier  proteins  as  indicated  by  shifts  in  the  UV  spectrum  of  the 
protein  and  increased  amine  values  of  the  protein.  Each  of  these  immunogens 
was  then  used  to  immunize  rabbits  using  the  protocol  described  in  a  following 
section.  Examination  of  the  sera  from  all  of  the  rabbits  for  antibody 
production  up  to  16  weeks  using  an  CXxrhterlony  assay  indicated  that  anti-C-5 
antisera  was  being  produced.  However,  examination  of  binding  of  radiolabeled 
saxitoxinol  and  C-5  hapten  failed  to  indicate  any  evidence  of  binding  of  the 
labeled  molecules. 

The  difficulties  encountered  in  achieving  effective  coupling  of  |  the  C-5 
hapten  molecule  tc  protein  led  us  to  recognize  that  the  potential  exists  for 
the  guanidine  group  to  react  with  the  NOS  activated  ester.  The  guanidine 
group,  in  the  free  base  form,  is  a  very  basic  moiety  and  is  potentially  a  very 
good  nucleophile  for  reaction  with  the  activated  ester  to  give  a  polymer  of  the 
C-5  hapten.  Indeed,  in  early  experiments,  designed  to  allow  isolation  of  the 
NOS  ester,  the  disappearance  of  3  could  be  monitored  by  chronatograpliic  means 
but  no  evidence  of  the  activated  ester  could  be  found.  The  use  of  excess  DCC 
in  these  experiments  may  have  consumed  the  HC1  present  as  the  guanidinium 
hydrochloride  salt,  leaving  the  free  base  to  react.  In  experiments  conducted 
just  prior  to  the  termination  of  the  contract,  it  was  found  that!  limited 
amounts  of  DCC  permitted  chromatographic  observation  of  the  NOG  ester. 
Furthermore,  this  product  was  reacted  with  a  model  primary  amine,  p- 
nitrophenethylamine,  to  give  a  new  amide  adduct,  thus  demonstrating  the 
viability  of  the  NOS  ester  as  an  acylating  agent.  It  seems  quite  probable  that 
this  improved  preparation  of  the  activated  esters  could  lead  to  substantial 
improvsnants  in  protein  loading. 


Polyclonal  Ant 


Production 


Six  rabbits  for  each  of  the  immunogens  prepared  were  injected 
intradermally  in  multiple  sites  (40  sites  -  0.1  mg/rabbit)  along  the  back  with 
an  emulsion  containing  a  50%  mixture  of  complete  and  incomplete  Freund's 
Adjuvant.  The  rabbit'-  vere  given  subcutaneous  booster  injections  (0.2 
mg/ rabbit  in  incomplete  Freund's  Adjuvant)  at  three  week  intervals. 
Examination  of  the  sera  began  one  veek  following  the  first  booster  injection. 


11 


Discussion: 


The  generation  of  a  single  antibody  to  the  entire  class  of  PSP  is  made 
difficult  by  the  significant  differences  in  structures  throughout  the  series 
(Figure  1) .  One  approach  to  this  problem  .is  to  focus  on  the  portion  of  the 
molecule  which  is  cannon  to  all  members  of  the  family,  utilizing  that  structure 
fragment  as  a  hapten  for  antibody  production.  In  this  manner,  the  opportunity 
exists  for  antibody  production  which  would  exhibit  good  cross-reactivity  toward 
all  the  PSP.  In  keeping  with  this  approach,  the  recent  focus  of  our  research 
has  been  on  the  use  of  the  five-manbered  guanidinium  ring  species  (Figure  2)  as 
the  hapten  of  choice.  The  use  of  the  five-membered  guanidinium  ring  coupled  to 
carrier  proteins  failed  to  illicit  any  antibody  production  in  rabbits  which 
would  bind  the  radiolabeled  guanidinium  or  cross-react  with  any  of  the  PSP. 
This  lack  of  immunological  response  nay  be  due  to  any  one  of  the  following 
factors:  a)  no  significant  production  of  appropriate  imnunogsns  formed  by 
coupling  the  guanidinium  species  to  carrier  protein  due  to  a  competitive 
intermolecular  reaction  of  the  guanidinium  NOS  ester  and  guanidinium  free  base, 
b)  the  guanidinium  species  is  too  closely  related  to  naturally  occurring  purine 
bases  and  thus  will  not  elicit  an  immunological  response,  c)  not  the  correct 
choice  of  animal  species  (rabbit)  for  antisera  production,  and  d)  poor  choice 
of  carrier  protein.  Despite  this  unsuccessful  approach  to  producing  antibodies 
which  possessed  a  high  degree  of  cross-reactivity  to  all  the  PSP,  much  useful 
information  was  obtained  concerning  the  methods  for  covalent  coupling  of 
saxi toxin  or  analogs  (guanidinium  analog)  to  proteins  for  the  development  of  a 
stable  enzyme-hapten  conjugate.  This  information  will  be  useful  in  the 
development  of  stable  enzyme-hapten  conjugates  necessary  for  the  successful 
preparation  of  excellent  enzyme  immunoassays  for  saxi  toxin  and/or  total  PSP 
content. 
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Figure  2.  PSP  Cross-Reaction  Studies 


Figure  3.  SAX  I TOXIN  POTENCY  DOMAINS 


SAXITOXIN 
(R 1 ,R2,R3,R4  -  H) 

I  Potency  reduced  20-100?  on  decarbamylat Jon  or  sulfation 

II  Potency  increased  up  to  k  fold  on  addition  of  N1  -OH 

III  Considered  important  for  binding 


V  Potency  reduction  0-90?  on  reduction  of  the  carbonyl  or 
sul fat  ion 


Figure  4 
C-5  Synthesis 
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